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S150Objective: Staged procedures for extensive aneurysmal disease of the thoracic aorta are associated with substan-
tial cumulative mortality for the 2 procedures and death in the interval in between, often from aortic rupture. We
have used a 1-stage procedure for operative repair of most, or all, of the thoracic aorta.
Methods: Ninety-five patients were treated using a bilateral anterior thoracotomy with transverse sternotomy,
hypothermic circulatory arrest, and reperfusion of the arch vessels first to minimize brain ischemia. Fifty-six pa-
tients had chronic type A aortic dissections (all but 2 patients had a previous operation), 36 patients had degen-
erative aneurysms, and 3 patients had chronic type B aortic dissections with proximal extension. The ascending
aorta and aortic arch were replaced in all patients combined with resection of varying lengths of descending aorta.
Results: In-hospital mortality was 8.4% (8 patients). Morbidity included reoperation for bleeding (11%), me-
chanical ventilation for more than 72 hours (48%), tracheostomy (17%), and renal dialysis (8%). Stroke occurred
in 1 patient (1%). Seven of the 93 operative survivors (7.6%) have undergone successful reoperation on the graft
(4 patients) or the contiguous aorta (3 patients).
Conclusions: The 1-stage, arch-first technique is a safe and suitable alternative to 2-stage procedures for repair of
thoracic aortic disease. Its effectiveness relative to more recently developed hybrid procedures awaits further anal-
ysis of long-term performance. (J Thorac Cardiovasc Surg 2010;140:S150-3)The optimal method of management of extensive disease of
the thoracic aorta that involves the aortic arch has yet to be
determined. Therapeutic options include staged procedures,
commonly using the elephant trunk technique1; hybrid pro-
cedures, using endovascular grafts to exclude the descend-
ing thoracic aneurysmal segments at the time of or after
graft replacement of the ascending aorta and aortic arch2;
and 1-stage procedures, replacing all of the aneurysmal aorta
through 1 or several incisions.3 We have favored the 1-stage
approach using a bilateral anterior thoracotomy approach
and early perfusion of the brachiocephalic arteries (arch-first
technique) to minimize the duration of brain ischemia.
PATIENTS AND METHODS
Patient Characteristics
During a 14-year interval ending in September 2009, 95 patients under-
went 1-stage repair of the ascending aorta, the entire aortic arch, and varying
lengths of the descending thoracic aorta with a bilateral anterior thoracot-
omy and anastomosis of the arch vessels to the graft first. The mean age
of the patients was 61 years (range, 22–82 years), and 56% were male.
Ten patients (11%) had Marfan, Loeys–Dietz, or Ehlers–Danlos syndrome.
Sixty-two patients (65%) had undergone previous operations on the tho-
racic aorta, aortic valve, or coronary arteries.
The indications for operation are shown in Table 1. Chronic type A aortic
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The Journal of Thoracic and Cardiovascular Surarch and varying lengths of the descending thoracic aorta was the most com-
mon indication for operation (56 patients). All but 2 of these patients had
previous operations. Degenerative aneurysm was the next most frequent in-
dication (36 patients). Rupture of the aneurysm was an indication for oper-
ation in 2 patients.Operative Technique
Our current technique has been reported.4 In brief, it involves use of a bi-
lateral anterior thoracotomy via the fourth intercostal space, transverse ster-
notomy, peripheral venous cannulation via the right common femoral vein,
and cannulation of both the right axillary artery and the right common fem-
oral artery. Our current and preferred technique for brain protection, used in
the last 60 consecutive patients, involves use of a branched aortic graft and
perfusion of the brain through the axillary artery to minimize the duration of
circulatory arrest.5 Cerebral oxygen saturation in both hemispheres is mon-
itored using the Invos Cerebral Oximeter (Somanetics Corp, Troy, Mich).
After establishing hypothermic circulatory arrest, the ascending aorta
and aortic arch are incised and the 3 brachiocephalic arteries are separated
from the aorta at their origins. They are flushed by a burst of flow from
the pump-oxygenator through the axillary artery and clamped. Hypothermic
flow (20C) is then established to the brain and upper body through the ax-
illary artery at a flow rate of 10 to 15 mL/kg/m2. The 3 arteries are then se-
quentially attached to the 3 branches of a curved gelatin-impregnated
polyester aortic graft (Maquet Inc, Wayne, NJ) beginning with the left sub-
clavian artery.When these anastomoses are completed, clamps are placed on
the aortic graft proximal and distal to the 3 branches, and antegrade flow is
established. In most cases, the descending thoracic aorta is clamped and low
flow is established to the lower body via the femoral arterial cannula.
After completion of the arch anastomoses, the site for anastomosis of the
aortic graft to the descending thoracic aorta is selected. This is generally
where the aorta has a normal diameter, or if dilated, does not exceed 3 to
3.5 cm. If dissection is present, a segment of the septum between the true
and false aortic lumens is excised to permit perfusion of both lumens. Patent
intercostal arteries above the seventh intercostal space are ligated. If the
aorta is divided below this level, it is beveled to preserve lower intercostal
arteries. After completion of the suture line between the descending aorta
and the graft, flow to the lower body is established in the antegrade direction
from the axillary artery, and rewarming is initiated.gery c December 2010
TABLE 1. Indications for operation
No. of
patients
Chronic type A dissection* 56
Previous ascending aortic repair 45
Previous AVR 4
Previous CABG 5
No previous operation 2
Degenerative aneurysmy 36
Chronic type B dissection with proximal extension 3
AVR, Aortic valve replacement; CABG, coronary artery bypass graft. *All but 2 were
reoperations. yEight were reoperations.
TABLE 3. Perfusion data
Variable Mean ± SD
Time
(min) Range
Cooling 34  8 20–60
Circulatory arrest 21  16 4–59
Aortic cuff technique (n ¼ 35) 39  9 23–59
Axillary artery perfusion
with branched graft (n ¼ 60)
11  8 4–41
Arch perfusion (hypothermic) 35  10 15–64
Spinal cord and lower body ischemia 60  19 20–109
Myocardial ischemia 145  39 43–237
Rewarming 71  16 35–135
Cardiopulmonary bypass* 191  48 103–333
*Excludes duration of circulatory arrest.
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onary artery bypass grafting, if indicated, are performed. The proximal end
of the aortic graft is sutured to the ascending aorta just above the aortic valve
commissures, to an existing ascending aortic graft, or to a newly inserted
composite graft. Saphenous vein bypass grafts, if present, are anastomosed
to the aortic graft.
Extent of Resection and Concomitant Procedures
The ascending aorta, aortic arch, and varying lengths of the descend-
ing thoracic aorta were replaced in all patients. The extent of descending
thoracic aortic replacement and concomitant procedures are shown in
Table 2.
Perfusion Data
An Optima XP membrane oxygenator (Cobe Cardiovascular, Arvada,
Colo) was used in all patients. The mean durations of cooling, circulatory
arrest, hypothermic arch perfusion, spinal cord and lower body ischemia,
rewarming, and cardiopulmonary bypass are reported in Table 3. Among
the most recent 60 patients in whom axillary artery perfusion and a branched
aortic graft were used, the mean duration of circulatory arrest of the brain
was 11 minutes and exceeded 30 minutes in only 2 patients. The brief
interval of arrest was followed by an interval of hypothermic perfusion
of the brain from the right carotid and right vertebral arteries, averaging
39 minutes.
Statistical Analysis
Standard descriptive statistical analyses were used. Values are expressed
as mean  standard deviation. The chi-square test was used to determine
differences among variables.TABLE 2. Extent of descending thoracic aortic replacement and
concomitant procedures
Operative details No. of patients
Extent of descending thoracic aortic replacement
Proximal 1/3 40
Proximal 2/3–3/4 43
All 12
Concomitant procedures
Aortic valve replacement 17
Aortic root replacement 9
CABG 12
Mitral valve replacement 1
Other 3
CABG, Coronary artery bypass grafting.
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In-Hospital Mortality
There were 8 hospital deaths (8.4%; 70% confidence
limit, 11.4–5.5). Two patients died of cardiac and respiratory
failure in the operating room. The remaining hospital deaths
were due to cardiac failure (2 patients), multiple system
organ failure (2 patients), and pulmonary complications
(intraparenchymal hemorrhage [1 patient] and pulmonary
embolus [1 patient]).
In-Hospital Morbidity
Reoperation for bleeding or evacuation of clot from the
left pleural space was required in 10 patients (11%). The in-
traoperative mean transfusion requirements were 8.4 units of
packed red cells, 6.5 units of fresh-frozen plasma, 4.7 units
of platelets, and 7.5 units of cryoprecipitate.
Mechanical ventilator support for more than 72 hours was
required in 45 (48%) of the 93 operative survivors, and 16
patients (17%) required tracheostomy. The mean duration
of ventilator support was 10.5  18.2 days (median, 3
days; range, 1 to>90 days). All but 6 patients were success-
fully weaned from mechanical support. Permanent vocal
cord paralysis occurred in 1 patient (1%).
Inotropic support with dobutamine for more than 24 hours
was required in 14 (15%) of the 93 operative survivors. One
patient required intraoperative insertion of a right ventricular
assist device for right ventricular failure. He was success-
fully weaned from support and made a full recovery.
Renal failure requiring ultrafiltration or hemodialysis oc-
curred in 7 patients (8%). Three of the patients were suc-
cessfully weaned, with return of serum urea and creatinine
levels to baseline.
Permanent or transient neurologic dysfunction was evalu-
ated according to the classification of Ergin and colleagues.6
Stroke developed in 1 patient (1%). One patient sustained
bilateral optic nerve injury resulting in blindness, but with-
out computed tomography or magnetic resonance imaging
evidence of cerebral cortical infarction, and paraplegia also
developed. Transient neurologic dysfunction occurred iniovascular Surgery c Volume 140, Number 6S S151
Aortic Symposium 2010 Kouchoukos10 (11%) of the operative survivors and resolved com-
pletely in all of them.
There were no deep chest wound infections. The mean
duration of hospital stay was 23 days (median, 15 days;
range, 7–118 days).Late Mortality
During the follow-up interval, which extends to 147
months, there were 25 late deaths between 1.5 and 147
months postoperatively. The modes of death are summa-
rized in Table 4. The mean duration of follow-up was 46
months. Thirty-six patients have been followed for more
than 5 years, 18 patients have been followed for more than
7 years, and 4 patients have been followed for more than
10 years.Late Reoperations
Seven of the operative survivors (7.6%) have required
reoperations on the aortic graft or the contiguous aorta
between 8 and 74 months postoperatively. Three of these
procedures were for false aneurysms. These occurred at
the proximal suture line in 2 patients and in the aortic graft
resulting from erosion caused by compression from a rib
in 1 patient. One patient underwent reoperation at another
institution for presumed infection of the aortic graft, which
was not confirmed. Three patients, all with chronic dissec-
tion, required reoperation on the contiguous thoracoabdomi-
nal aorta for progressive aneurysmal enlargement 8 to 26
months postoperatively. One of these patients had Marfan
syndrome and 1 patient had both Loeys–Dietz and Ehlers–
Danlos syndrome. Three additional patients required opera-
tion on the abdominal aorta for separate aneurysms. All
patients survived the reoperations.DISCUSSION
Our extended experience with this 1-stage technique for
treatment of extensive thoracic aortic disease indicates that
early mortality is comparable to that reported with the first
stage of a 2-stage approach, most commonly using theTABLE 4. Mode of late death
Cause No. of patients
Sepsis 5
Cardiac failure 4
Multiple system organ failure 3
Cancer 2
Sudden death 1
Intestinal infarction 1
Renal failure 1
Respiratory failure 1
Stroke 1
Unknown 6
Total 25
S152 The Journal of Thoracic and Cardiovascular Surelephant trunk technique.7-10 In 4 of the largest reported
series of elephant trunk procedures, the cumulative
mortality for the 2 procedures and from deaths in the
interval between the 2 procedures (commonly from aortic
rupture) exceeded 20%.7-10 Notably, a substantial number
of patients (37%–56% in these series) did not undergo the
second-stage procedure. In addition, the intraoperative trans-
fusion requirements in our series were substantially less than
those reported by LeMaire´ and colleagues10 and Safi and
colleagues11 for the first-stage elephant trunk procedure.
The prevalence of stroke, renal failure, and left recurrent
laryngeal nerve injury did not exceed that reported for the
first-stage procedure.7-10
The advantages and disadvantages of the general ap-
proach we used have been summarized in previous reports.
Our extended experience with a brief (11 minutes) hypother-
mic circulatory arrest of the brain followed by an interval of
brain perfusion via the right carotid and right vertebral ar-
teries (mean duration, 39  9 minutes) in 60 patients has
been associated with an extremely low (1%) prevalence of
stroke and a low prevalence of temporary neurologic dys-
function. Evidence for adequate oxygenation of the left ce-
rebral hemisphere was provided by cerebral oximetry.3
This technique obviates the need for direct perfusion of
the brachiocephalic arteries and a separate perfusion circuit.
Reoperation on the graft or contiguous aorta was required
in 7 patients. Two of the 3 patients requiring replacement of
the remaining contiguous descending thoracic and abdomi-
nal aorta had genetically mediated conditions. This empha-
sizes the need for continued surveillance.
Stent grafting of the aneurysmal or dissected descending
thoracic aorta at the time of operation on the ascending aorta
and aortic arch represents another therapeutic alternative.
The reported early mortality and morbidity rates are compa-
rable to those for the first-stage and 1-stage procedures.12-18
The length of the stent graft is generally limited to reduce the
risk of spinal cord ischemic injury. Permanent spinal cord
ischemic injury has occurred with these procedures, and
subsequent operations on the descending thoracic aorta for
persisting disease or complications related to the stent
graft are not infrequent.
In a series of 111 patients with a long, non-stented ele-
phant trunk implanted during procedures involving total
arch replacement, Toda and colleagues18 reported a 3.6%
incidence of permanent spinal cord ischemic injury. Among
23 patients who did not have complete thrombosis of the
aorta surrounding the elephant trunk, rupture of the aorta
and death occurred in 4 patients and a second-stage proce-
dure to complete distal fixation of the elephant trunk was re-
quired in 19 patients.
Of the initial cohort of patients treated by the Hanover
group between 2001 and 2006 using the stented (frozen)
elephant trunk technique, 6 (18%) of the 34 hospital survi-
vors required distal aortic surgery between 23 days and 46gery c December 2010
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was reported by DeBartolomeo and colleagues.17 Six
(19%) of 32 hospital survivors of the frozen elephant trunk
procedure required extension of the descending thoracic aor-
tic repair between 1 and 4 months postoperatively.
Stent graft collapse in patients with chronic aortic dissec-
tion, endoleaks, torsion of the endograft, aortoesophageal
fistula, new intimal tears, and late rupture are other reported
complications that are unique to stent grafts.19-23 Lifelong
imaging is a requirement. Cost of the endografts is another
important consideration. Larger numbers of patients with
substantially longer follow-up treated with these techniques
will be necessary to determine their ultimate role in the man-
agement of patients with extensive thoracic aortic disease.
CONCLUSIONS
Our extended experience with the 1-stage, arch-first tech-
nique suggests that it is a safe and suitable alternative to the
2-stage procedure for repair of extensive aortic disease that
is confined to the thoracic aorta. The technique remains
our treatment of choice. It seems to be of particular value
in patients requiring reoperation for chronic type A aortic
dissection.24 Our current technique for brain protection
with axillary artery cannulation, a brief period of circulatory
arrest, subsequent antegrade brain perfusion, and a branched
graft seems safe, as evidenced by a low incidence of stroke
and temporary neurologic dysfunction. The relative effec-
tiveness of our procedure in comparison with the various
hybrid procedures currently being performed requires addi-
tional information relating to long-term performance.
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